Some environmental chemicals exhibit hormonal activity when tested with in vitro assays and whole animal models. This activity appears to occur through the interaction of chemicals with a steroid hormone receptor, such as the estrogen receptor. The presence of hormonally active chemicals has drawn attention to their potential impact on wildlife and humans (1) . The reduced phallus size of alligators in Lake Apopka, FL, (2) and the feminization of male fish in the United Kingdom (3) have been two of the most cited examples of the effects of hormonally active environmental chemicals on wildlife. Because of these observations, research has been focused on the relationship between environmental chemicals with hormonal activity and human disease. The concentration of environmental chemicals with weak estrogenic activity measured in women with breast cancer has been associated with this disease in some studies but not in others (4) . The much-debated decrease in semen quality in men has been speculated to be linked to environmental estrogens (5) . While some reports of adverse health effects in wildlife appear to be due to exposure to environmental chemicals with hormonal activity, the association of these chemicals with human disease remains inconclusive.
To study environmental chemicals that mimic natural hormones, we must understand the biology and toxicology of these environmental hormones and develop assays to identify chemicals with hormonal as well as antihormonal activity. Numerous laboratories are currently identifying these environmental chemicals and determining the concentrations required to produce hormonal responses using in vitro assays and whole animal models (1) . This line of investigation has focused mostly on identifying chemicals with estrogenic activity, for example, bisphenol A, a chemical released during autoclaving polycarbonate products (6); hydroxylated polychlorinated biphenyls (PCBs), which are present in adhesives, fire retardants, and waxes (7); and phthalate plasticizers, which are used in the production of plastics (8) . The affinity of most environmental estrogens for the estrogen receptor (ER) is low, usually between onefiftieth to one-ten thousandth that of the natural hormone estradiol (6) (7) (8) .
While the identification of hormonally active chemicals is an important priority, the mechanisms by which these chemicals work has yet to be adequately elucidated. Our (11) . The ability of the hER to recognize two estrogens may occur through the presence of more than one binding site on the hER. This mechanism could potentially explain the structural diversity of chemicals with estrogenic activity. ' While it appeared that a combination of two weak environmental estrogens produced estrogenic activity in yeast in a synergistic manner, even at the highest concentrations tested, the estrogenic activity of a combination of two chemicals was only 60% that of estradiol. It is unclear if the level of estrogenic activity induced by a combination of chemicals in yeast would be high enough to produce physiological estrogenic responses in mammalian cells and whole animal models. Furthermore, we have not tested a mixture of all the chemicals identified in the alligator eggs; thus, the net hormonal activity of the chemicals in the egg is not known.
Commentary-Synergistic signals in the environment
The pesticides used in our study are no longer in use in the United States, with the exception of endosulfan; however, some pesticides remain in the environment many years after their use has been discontinued. This can occur through the processes of bioaccumulation and biomagnification in plants and animals. Nonetheless, we believe it will be important to test modern-use chemicals that have hormonal activity to determine whether they also synergize. We are also investigating the possibility that combinations of chemicals can function as antihormones in a synergistic manner.
The results for endosulfan, dieldrin, toxaphene, and chlordane were obtained using yeast genetically engineered to express the hER. Yeast do not normally express steroid hormone receptors, but molecular biology techniques have allowed the introduction of steroid hormone receptors into yeast (14, 15) . Yeast The Crews laboratory has been studying the influence of temperature and estrogen on the sexual development of turtle embryos (18) . The gender of red-eared slider turtles is determined by the temperature at which the eggs are incubated. At 26°C or 31°C, the embryos develop into males or females, respectively. The sex of male-determined turtle embryos can be reversed by painting the eggs with estradiol. Thus, estradiol can mimic the effect of temperature on the sex determination of turtle embryos. From this observation, it was hypothesized that the turtle embryos could be used to determine whether chemicals functioned as estrogens in vivo and to determine their effective activity relative tO estradiol. Treatment of male-determined turtle eggs with the estrogenic 3-OH and 4-OH PCBs produced sex reversal, but at concentrations higher than estradiol (19) . Interestingly, a combination of the PCBs was effective in sex reversal at concentrations of the chemicals that had no activity alone. The experiments with PCBs in turtle eggs suggested that synergistic estrogenic activity was possible in vivo and identified an assay for measuring these effects.
While the synergistic activity of environmental chemicals may be occurring through one pathway, synergy can also be thought of as an integration between two or more pathways. The definition of synergy is twofold: a response that is greater than additive and an integration between different parts. Thus, synergy has both qualitative and quantitative aspects that may be coordinated in one congruent process. The activity of environmental chemicals functioning through the hER is an example of a response that is greater than additive. The integration between what had previously been considered to be distinct pathways has been elegantly illustrated by studies on the effects of temperature and hormones on the gender of turtle embryos.
The Crews laboratory has identified synergy between an environmental factor, heat, and an endogenous factor, estrogen (18) . The temperature of 28.2°C produces mostly male turtles, but it is also the transition temperature between male and female differentiation. Eggs (Fig. 1) . The synergistic estrogen response produced by a combination of two environmental chemicals through the hER is an example of an amplification produced by environmental signals interacting with a single response pathway. Synergy can also result from an integration between distinct signaling pathways. This type of synergy is demonstrated by growth factors or neurotransmitters and hormones in the action of steroid hormone receptors or the interaction of indomethacin and temperature. A combination of environmental and endogenous signals can produce synergistic activity as shown by the effects of temperature and estrogens on the sexual development of turtle embryos.
On reflection, it seems that biological synergy in its two aspects may be more common than previously thought. Furthermore, it is clear that environmental signals can produce synergistic biological responses; it is also becoming apparent that the study of environmental signaling has opened new ideas on the functioning of endogenous signals. Thus, the field of environmental signaling will contribute to a greater understanding of both toxicology and biology.
